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SPERMATOGENESIS IN THE HARD-SHELL CLAM
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VICTOR L. LOOSANOFF
Neither Kellogg7 nor Belding' in their papers on the biology
of V. mercenaria give a description of spermatogenesis occurring
in this animal, and until the present time the general features of
this process in dams have not been described. In the case of some
other lamellibranchiate mollusks, more information on the devel-
opment of the gonad and gamete formation is available. Hoek'
described the origin and growth of gonads in 0. edulis, but failed
to give an accurate description of spermatogenesis. Orton9, while
greatly contributing to our knowledge on sex change in 0. edulis,
did not extend his studies into the sphere of gametogenetic activi-
ties. In discussing the development of gonads in 0. commercialis,
Roughley'0 gives only a brief description of the proliferation of
sex cells. Coe2 described in detail the spermatogenesis in the Cali-
fornia oyster, 0. lurida, and later gave a brief account of the same
process in 0. virgimica. The same author,4 describing sexual phases
in Teredo, referred to spermatogenetic activities observed in that
animal. Okada,8 studyinggametogenesis in Musculium heterodont,
mentions briefly the different stages of spermatogenesis, but does
not give a complete account of it. Among the recent studies on
spermatogenesis in Gastropods the work of Tuzet12 and of Furrow5
should be mentioned.
The gonads of young V. mercenaria, developing sexual products
for the first time, are lined with a layer of germinal epithelium com-
posed of flattened, somewhat irregular cells containing large, deeply
staining nuclei. Later when the germinal epithelium differentiates
into larger cells indifferent gonia appear. Fig. 1 gives a diagram-
matic picture of spermatogenesis in this species. In an early stage
ofgametogenesis it is exceedingly difficult, if not entirely impossible,
to distinguish the ovogonia from spermatogonia because there ap-
pears to be no morphological differentiation existing, and the cells
resemble each other very closely. Such cells are, as a rule, always
found lying in contact with the inner surface of the follicular wall
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(Fig. 1, Spg. 1). They appear to vary considerably in shape and
somewhat in size. Commonly, however, they are about 12 microns
in diameter. The cytoplasmic portion of such cells is quite clear.
The nucleus, occupying the largest portion of each cell, is oval in
shape. The chromatic material of the nuclei is in dispersed form.
1*1
FiG. 1. Diagram showing successive stages of spermatogenesis; spg. 1, spg. 2,
primary and secondary spermatogonia; spc. 1, primary spermatocytes in various
stages of development; spc. 2, secondary, spermatocytes; spt., spermatids in spermi-
oteleosis; spz., spermatozoa; x, abnormal cells. January.
The nuclear membrane is very well defined. One, or sometimes
two, clearly distinct nucleoli are visible. Occasionally, cells of this
type form a single row along part of the follicular wall but more
often they are found singly.
Secondary spermatogonia (Fig. 1, Spg. 2) are usually found
near the primary ones, sometimes in contact with them but more
often separately and further into the lumen of the follicle. They
occur either singly or in groups, varying considerably in numbers,
and are frequently found lying among spermatocytes or spermatids
but usually do not penetrate very far toward the center of the lumen.
They average 7.7 microns along the longest axis. Their nuclei are
more rounded than those of primary spermatogonia, and the nuclear
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material is more concentrated. In secondary spermatogonia the
average size of a nucleus is 5.9 microns. After passing through the
synaptic phase these cells transform into primary spermatocytes.
It cannot be said that the cells of successive stages of spermato-
genesis are arranged in the follicle in regular, well-defined layers.
In V. mercenaria no such regularity exists and the sexual cells of
various stages of development are more or less mixed in the lumen,
though the cells of the latest stages of development are always
found in predominating numbers in the central portion of the lumen.
Primary spermatocytes (Fig. 1, Spc. 1) are about 8.5 microns in
diameter, thus being somewhat larger than the cells of the final
gonia stage. The average size of the nucleus is 6.8 microns.
During the active stages of spermatogenesis the primary spermato-
cytes are very numerous and usually occur in groups, sometimes
together with secondary spermatocytes, and frequently are found
far in the lumen among the spermatids and spermatozoa. Formed
after the.final gonial phase, they enter into the resting stage. As
very few cells can be found passing through this stage, it apparently
is ofbriefduration. Duringthis stage the chromosomes form a net-
like structure so that the nucleus resembles that of a somatic cell
(Fig. 2, a). The primary spermatocytes passing through the pre-
leptotene stage have been observed in many instances. At that end
of this stage the chromosomal net-like framework of the resting
nucleus is drawn together and large, darkly staining massive bodies
are formed (Fig. 2, b). These bodies are of varying shapes and
sizes and are not definitely polarized. They gradually unravel
themselves and the spermatocytes enter into the leptotene stage
during which the nuclear substance is arranged in fine threads
(Fig. 2, c). These threads begin to thicken and shorten progres-
sivelyand the spermatocytes enter into the synaptic stage (Fig. 2, d).
Because the thickening of the chromosomal thread begins at one end
of them and slowly spreads toward the opposite pole, cells in the
so-called "bouquet" stage are often seen. Still greater thickening
and shortening of chromosomal threads follows the synapsis (Fig.
2, e). In such post-synaptic spiremes of the pachynema stage exter-
nal signs of duality of thick threads can be observed in many cases.
Following this each chromosome evidently splits longitudinally,
forming tetrads (Fig. 2, f). Upon entering the next stage the
nuclear material of the cell loses its well-defined thread-like char-
acter, thus resembling somewhat the condition observed in the resting
nucleus. During this period slight growth of the cytoplasm of the
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cell takes place. Soon mitosis follows and the secondary spermato-
cytes are formed (Fig. 2, g-i). This process is of the regular type
and therefore requires no detailed description.
During the studies of spermatogenesis, the attention of the writer
was attracted to large round bodies found scattered among the
normal spermatogenetic cells (Fig. 1, x). Such bodies appear to
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FIG. 2. Diagram showing transformation and division of primary spermato-
cyte; a, resting stage; b, preleptotene; c, leptotene; d, synapsis; e, post-synaptic
stage; f, formation of tetrads; g-i, division to form secondary spermatocytes.
be composed of from 2 to 16 cells. They are especially numerous in
the spermaries of clams during the period December to February.
At present the nature and character of these apparently abnormal
congregations of cells are not quite understood, but it is quite prob-
able that such cells represent abnormal processes leading to cytolysis.
Secondary spermnatocytes (Fig. 1, Spc. 2, and Fig. 2, i) are usu-
ally found in large groups, often together with primary spermato-
cytes and spermatids. They measure up to 5.8 microns and their
nuclei are 4.3 microns in length. Divisions of secondary spermato-
cytes follow the general rules for this phenomenon, but the internal
changes taking place in the chromosomal complex are difficult to
observe. Spermatids formed as the result of such division pass
through several stages of development before transforming into
mature spermatozoa (Fig. 3). In the early stages of development
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the spermatids are round in shape and measure 4.3 microns. Their
nuclei at that time are also rounded, vesicular, and not very heavily
stained (Fig. 3, a, b). The average size of a spermatid nucleus in
4W jb +-rn.
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Fic. 3. Diagram showing spermatids in spermioteleosis and mature spermato-
zoon; a.c., acrosome; m.p., middle piece. Explanation in text.
the early stages of development is 2.5 microns. Gradually, as the
spermatid advances in its development, the nucleus of the cell begins
to acquire a more oblong shape while its chromatin material con-
centrates progressively (Fig. 3, c, d). At this stage it is already
possible to distinguish the middle piece of the future spermatozoan.
This middle piece first appears at the posterior end of the sperm
head in the form of an oval, lightly staining structure. Just before
the formation of the mature sperm it divides, forming four round
bodies (Fig. 3, g). Roughley'° described similar bodies in the
sperm of 0. commercialis. The nucleus of the spermatid of V. mer-
cenaria steadily elongates and simultaneously the quantity of cyto-
plasmic material of the cell gradually diminishes (Fig. 3, d-g).
The acrosome can be distinguished as early as stage d. The head
of the mature spermatozoan is 3.8 microns long and 1.7 microns
wide and its tail reaches 30-35 microns in length. The head of the
sperm is thus almost twice as large as the heads of spermatozoa of
most common species of oysters. Stafford1' states that the head of
the sperm of 0. virginica is 1.75 microns; the head of the sperm
of 0. edulis, according to Hoek,6 is only 1 micron; the head of the
live sperm of 0. commercialis was found to be 2 microns in diameter
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(Roughley'0), and that of 0. lurida about 1.2 microns (Coe2). The
heads of spermatozoa of the genus Ostrea are usually almost spheri-
cal in shape, while that of V. mercenaria is sharply pointed, elon-
gated, conical in outline, and slighdy bent (Fig. 3, g).
During this study the attention of the writer was directed to
the fact that some of the living spermatozoa appeared abnormal in
the respect that their tails were in contact with the concave side of
the heads, this contact often extending from the posterior end of
the head, where the tail originates, to the tip, or acrosome of the
sperm head (Fig. 3, h). By examining the swimming motions
of spermatozoa it was noted that, as a rule, the normal ones rotated
sinistrally, whereas the abnormal ones, with the tails attached to
the heads, rotated dextrally. In some of the cases observed, the
abnormal spermatozoa, after being kept in the water for a few
minutes, detached their tails from the heads and began to swim
sinistrally. It is probable that the spermatozoa with the abnormal-
ity described above are actually normal but not quite mature.
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